Introduction
The nature of active galactic nuclei (AGNs) is still an open problem, the study of variability about AGNs, such as periodicity analysis of light curves, can yield valuable information about the nature of AGNs and the implications for quasar modeling are extremely important (Blandford, 1996) . In AGNs, the long-term optical variation has in some cases claimed to be periodic. For example, the 15-year period found in the light curve of 3C120 (Belokon 1987; Hagen-thorn et al. 1997) , the 13.6-year period found in the light curve of ON231 (Liu et al. 1995) , the 14.2-year period found in the light curve of PKS 0735+178 , and the 14.0-year period found in the light curve of NGC4151 (Fan & Su 1997) . The 11.4-year period found in the light curve of 3C345 (Webb et al. 1988 ) predicted the 1991 outburst (Kidger & Takalo 1990 ); The 12-year period found in the light curve of OJ 287 (Sillanpaa et al. 1988a; Kidger et al. 1992) successfully predicted the optical outburst in the fall of 1994 (Sillanpaa et al. 1996a,b; Arimoto et al. 1997 ).
Photometric observations of AGNs are important to construct their light curves and to study their variation behavior on different time scales. Using the 1-m telescope at Yunnan Observatory, the 1.56-m telescope at Shanghai Observatory, and the 2.16-m telescope at Beijing Observatory, we have monitored dozens of AGNs, including BL Lac objects and Seyfert galaxies (Xie et al. 1987 (Xie et al. , 1988a (Xie et al. ,b, 1990 (Xie et al. , 1992 (Xie et al. , 1994 , Bai et al. 1998 ).
BL Lacertae (2200+420), the archetype of its class, lies in a giant elliptical galaxy at a redshift of ∼ 0.07 . It is one of the best-studied objects at optical and radio bands. Superluminal components have been observed from the source (Mutel & Phillips 1987; Vermeulen & Cohen 1994; Fan et al. 1996) . Its optical and radio emissions are both variable and polarized, and its radio and optical polarizations are correlated (Sitko et al. 1985) . Recently, observations with EGRET on the Compton Gamma Ray Observatory (CGRO) between 1995 January 24 and 1995 February 14 indicate a flux of (40 ± 12) × 10 −8 photon/cm 2 /s above 100MeV (Catanese et al. 1997 ), but there is no evidence of gamma rays in Whipple observations (Kerrick et al. 1995; Quinn et al. 1995) .
It has been observed in the optical for about 100 years, with early observations presented in the papers of and Webb et al. (1988) . It has been observed for about 14 years in our own monitoring program.
In this paper, we present BL Lacertae historical optical data and new observations in UBVRI bands, and discuss its long-term variation. The paper has been arranged as follows:
In section 2, we present the data; in section 3, the periodicity analysis; and in section 4, the discussion.
Observations

Data
During 1995 and 1996, BL Lacertae was observed with the 1-m RRC telescope at Yunnan Observatory which is equipped with a direct CCD camera at the Cassegrain focus.
The filters are standard Johnston broadband filters. The standard stars given in the paper of Smith et al.(1985) were used. The daily averaged magnitudes obtained from observations are presented in table 1. All the detailed magnitudes will appear in a separate paper with other BL Lac objects data obtained during the same period (Bai, et al. 1998 ).
The historic data are from the literature (Bertaud et al. 1969; Du Puy et al. 1969; Racine 1970; Cannon et al. 1971; Visvanathan 1973; Bertaud et al. 1973; Barbier et al. 1978; Miller & McGimsey 1978; O'Dell et al. 1978; Puschell & Stein 1980; Barbieri et al. 1982; Sitko et al. 1983 Sitko et al. , 1985 Hagen-Thorn et al. 1984; Moles et al. 1985; Corso et al. 1986; Smith et al. 1987; Kidger 1988; , 1991 Webb et al. Bregman et al; Mead et al. 1990; Kawai et al. 1991; Sitko & Sitko 1991; Takalo 1991; Carini et al. 1992; Okyudo 1993; Qogun et al. 1994; Corbett et al. 1996a; Maesano et al. 1997) with the m pg (Qogun et al. 1994 ) changed into B by B-m pg =0.28 (Kidger 1989; Lu 1972) . Also those observed by our group (Xie et al. 1988b (Xie et al. , 1990 (Xie et al. , 1992 (Xie et al. , 1994 and those presented in table 1 are used in our analysis. In order to discuss the long-term variability,
we have included data estimated from Figure 1 in the paper of with relatively large data uncertainties (less than one month). The data in UVRI bands are shown in Figure 1a 
Variations
From the literature, we find that the largest variations in the five bands are 
Jurkevich's Analysis Method
We will use the Jurkevich method for the periodicity analysis in the light curve of BL Lacertae. The Jurkevich method (Jurkevich 1971 ) is based on the expected mean square deviation and it is less inclined to generate spurious periodicity than the Fourier analysis.
It tests a run of trial periods around which the data are folded. All data are assigned to m groups according to their phases around each trial period. The variance V 2 i for each group and the sum V 2 m of all groups are computed. If a trial period equals the true one, then V 2 m reaches its minimum. So, a "good" period will give a much reduced variance relative to those given by other false trial periods and with almost constant values. The computation of the variances has been described in the paper of Jurkevich et al.(1970) . Kidger et al.(1992) introduced a fraction of the variance
, where V 2 m is the normalized value. In the normalized plot, a value of V 2 m = 1 means f = 0 and hence there is no periodicity at all. The best periods can be identified from the plot: a value of f ≥ 0.5 suggests that there is a very strong periodicity and a value of f < 0.25 suggests that the periodicity, if genuine, is a weak one. A further test is the relationship between the depth of the minimum and the noise in the "flat" section of the V 2 m curve close to the adopted period. If the absolute value of the relative change of the minimum to the "flat" section is large enough as compared with the standard error of this "flat" section, the periodicity in the data can be considered as significant and the minimum as highly reliable (Kidger et al. 1992 ). Here we consider the half width at half minimum as the "formal" error as did Jurkevich (1971) .
We use the B-band photometry to investigate the long-term period of variation since most data were obtained in this filter. In order to avoid the problem that sampling was more frequent during recent decades, we averaged the photometry into 5-day intervals ( Figure   2b ). This is short enough as compared to the long-term period (years) and thus unlikely to distort the long-term variation too much. When the Jurkevich method is applied to the averaged data, periods of 13. 97, 19.55, 29.16, 35 .00 and 38.89 years are found (see Figure 5) . The period of one year maybe result from the effect of the Sun on the observations. There is also a signature of a period of about 7.5 years in Figure 5 , which we do not take as real as it is not so conspicuous as compared with the "flat" noise. When only the post-1970 data (see Figure 2c) are used, periods of 0.08, 0.60 and 0.89 year are found (see Figure 6 ). Also, from figure 6, it can be seen that there is a broad minimum, which corresponds to a period of 7.5 ± 1.3 years, but its f = 0.16 suggests that it is a weak period; for other minima, they are not conspicuous as compared with the noise, we do not consider them as signature of periods. m against the trial periods for the 5-day-averaged data covering the observation period 1896 -1996 (m=10 is adopted). The deepest minimum corresponds to a period of 38.89 years, other minima to periods of 13.97, 19.55, 29.16, 35 .00 years respectively.
Periods of 1, 2, and 3 years are also conspicuous as compared with the "flat" noise 2 m against the trial periods for data covering the observation period 1970 -1996 (m=5 is adopted). The broad minimum corresponds to a period of 7.5 ± 1.3 years and others to periods of 0.08, 0.60, 0.89, 2 and 3 years respectively.
Discussion
BL Lacertae is the archetype of the BL Lac objects and one of the best studied objects.
Its spectrum is usually featureless, but weak emission lines are indeed identified when the source is in the fainter state (Vermeulen et al. 1995 , Corbett et al. 1996a . From quasi-simultanous photometry, Barbieri et al. (1988) found that there was no correlation between the continuum brightness and the strength of the spectral lines. The optical variability is extremely irregular over periods of hundreds of days of continuous observation (Bertaud et al. 1969; Du Puy et al. 1969; Racine 1970; Tritton & Brett 1970) . also investigated the long-term period from the light curve covering the period of 1968 to 1989 and found a period of 7.8 ± 0.2 years and a possible period of 34 years. In addition, some rapid variability over short time scales has been reported: for example, a variation of 1.5 magnitude over a time scale of 20 hours (Weistrop, 1973) , daily variation as great as 0.3 magnitude (Carswell et al. 1974) , variation of 0.56 magnitudes over a short time scale of 40 minutes in the B band (Xie et al. 1988b (Xie et al. , 1990 , and variation of 0.1 magnitude over 30 minutes in V band (Corbett et al. 1996a ).
Periodicity
To establish the reality of periods, we need a duration of data. The length of the data record required to demonstrate a periodicity depends on signal-to-noise, systematic errors, regularity in times of measurements, and the nature of the underlying variation. Perfect data on a perfectly periodic variable might not require more than 1.5 periods to yield an accurate measure of the period . But for some objects whose existing data do not sample their light curves at regular intervals, a much longer time span of data can be used to demonstrate that any possible period is not simply a random event and probably has some physical significance (Kidger et al. 1992 also see Fan et al. 1997 ).
For BL Lacertae, the data are not distributed equally during the period of 1896-1996. When the periodicity analysis method (Jurkevich et al. 1971 ) is used to deal with the 5-day averaged B data, the following periods (see Table 2 ) are found (m = 10 is adopted):
As introduced in section 3.1, P B , P C , P D , P E are possible periods as their values of f 's are greater than 0.25 but less than 0.50, and P A is a weak one as its f is less than 0.25.
Because the unequally distributed data cover a period of 100 years, the derived longer periods (P B , P C , P D , P E ) should be confirmed with more observations as argued in the paper of Kidger et al (1992) . For the 13.97-year period, it is clear that the data sample is seven times the length of the period. From figure 5 we can see that the minimum corresponding to this period is also conspicuous as compared with the "noise", so it can be considered as a real period even though its f being less than 0.25. This period is in agreement with that proposed by . Besides, from figures 5 and 6, we know that there are other periods(see section 3.2), which can be considered as real periods as argued in section 
Comparison with previous results
BL Lacertae has been investigated for long-term periods in papers of Webb et al.(1988) , Marchenko et al.(1996) and in the present one. Webb et al. (1988) used Fourier analysis to search for periodicity from the data covering the period of 1970 through 1986; the periods of 0.60 and 0.88 year reported in their paper also appear in our analysis, but the period of 0.31 years found by Webb et al.(1988) is not found. One of the reasons may be from the fact that their method is not good enough to deal with the unequally spaced data series. Marchenko et al.(1996) used the method called "whitening" of time series to investigate the periods from data covering an observation period from 1968 to 1989 (Marchenko et al. 1996) , this method has the same advantage for finding periods in unequally spaced time series as the method used in the present paper as compared with the Fourier method. But the method used in the present paper is simpler for computation as compared with the "whitening" method. The period of 7.5 years appearing in Figure 6 is consistent with the period of 7.8 found by Marchenko et al.(1996) . But it is only a very weak period in our discussion, which may come from the fact that the post-1970 data sample is only about four times the length of the period. The period of 35 ± 2.0 years found in our analysis is in good agreement with the period of 34 years found by Marchenko et al.(1996) , but it is also a possible one in our analysis; its reality should be discussed with more observation in the future.
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